Objectives-To assess the eVects that the recent seasonal change in rugby league from winter to summer has had on the incidence of injury. Methods-All injuries that occurred during games and training were recorded throughout four consecutive seasons (three winter, one summer) for the first team squad of a British professional rugby league club. Data included nature of injury, days lost as the result of injury, player position, month, and season. Results-An increasing incidence of injury over the four seasons was observed, with the summer season having an incidence almost double that of the first winter season recorded (696.8 per 1000 hours and 363.55 per 1000 hours respectively). The severity of injury was shown to decline over the four seasons. Most injuries were incurred in matches (74.9%) rather than during training (25.1%). Conclusions-The findings show an increasing incidence of injury in summer rugby but with decreased severity. It is not known if this is the result of playing back to back rugby seasons or is a consequence of a change in playing season and ground conditions. (Br J Sports Med 1998;32:144-148) Keywords: rugby league; injury incidence; winter; summer Rugby league is a collision sport of skill, requiring a combination of muscular strength, stamina, and endurance. 1 2 Tackling is one of the most important individual skills in the game, but endurance is also required as players may cover between 5000 and 7000 m during an 80 minute match.
Rugby league is a collision sport of skill, requiring a combination of muscular strength, stamina, and endurance. 1 2 Tackling is one of the most important individual skills in the game, but endurance is also required as players may cover between 5000 and 7000 m during an 80 minute match. 3 It may be expected that rugby league would have high injury rates, but research into this is very limited. It is not easy to compare incidence of injury in sport unless data are collected and analysed in comparable ways. Increasingly incidence rates in all sports are being reported as the number of injuries per 1000 hours played. An early Australian rugby league study on all injuries to three professional teams, over a one year period gave an incidence rate of 277.78 per 1000 hours. 4 More recently, a prospective three year study of a professional South Sydney rugby league club gave an incidence of 44.9 per 1000 hours. The latter study only registered injuries that resulted in a subsequent game being missed, 1 highlighting the issue of injury definition. A recent four year prospective study carried out in England on game injuries at one first division club gave an incidence rate of 114 per 1000 hours. 5 DiVerences in data can be related to methodology of the studies.
In England, rugby league was a winter game with the season running from August to April. A condensed season from August 1995 to January 1996 marked the transition from winter to summer rugby, the first summer season running from March to August 1996. This change might be expected to influence the pattern of injuries because of the change from soft wet ground to hard dry ground. 6 Intraseasonal variation has previously been explored, [7] [8] [9] [10] but no consensus has been reached. Some studies note proportionally more injuries towards the end of the season 9 10 ; others report the greatest proportion in early season. 7 8 The summer season retained a schedule of one game a week; however, the condensed season saw games played more frequently. During the first three seasons studied, a maximum of two substitute players was allowed (four replacements); however, during the 1996 summer season, four substitute players were allowed (six replacements).
The purpose of this study is to assess the eVects that the recent seasonal changes in rugby league have had on the incidence of injury. When examining these eVects it is important to include injuries incurred during training. Training sessions, typically involving minimal body contact, were conducted four to five times a week during each season. This should minimise player injuries, and training injuries have been found to be uncommon 1 ; however, the inclusion of these figures gives a more detailed picture of injuries in a rugby league season.
The start of the "new summer rugby" era provided an ideal opportunity to compile data. The study compares two "old" winter seasons with the only ever condensed season and the very first summer season.
Methods
During the 1993/1994, 1994/1995, 1995/1996 (all winter) and 1996 (summer) seasons, all injuries incurred during competitive games and training sessions in the first team squad of a British professional rugby league club were recorded by the team physiotherapist (LHP), who was in attendance at all games and training sessions throughout the four seasons. The method of recording injury data remained consistent throughout, the first three seasons' data being retrospective and the 1996 summer season prospective.
Injuries were recorded irrespective of whether the player missed a subsequent session/game. All injuries were identified on game day by the physiotherapist present or were reported by the player at the next training session. Any players who did not report, but whom the physiotherapist had seen for attention/advice after the game, were also recorded and followed up. An injury was defined as pain, discomfort, disability, or illness (new or recurrent) that the player acknowledged after participating in a rugby related activity/game. This also included any advice/ intervention sought from the medical team. The diagnosis and classification of injury was carried out by the physiotherapist in consultation with the club doctors and a team orthopaedic surgeon when appropriate.
To allow comparisons with other studies, 1 11 the injuries were classified into transient (no games or training missed), minor (up to one game missed), moderate (two to four games missed), and severe (five or more games missed). This paper reports seasonal eVects on frequency and severity. Other data will be reported in subsequent publications.
ANALYSIS
The duration of each game was 80 minutes (1.33 hours). As there was one player for each of the 13 positions on the field at any one time, the injury exposure for the first team over the total 115 games for four seasons was calculated as 1988.35 player position exposure/risk hours (13 × 115 (total games) × 1.33). The analysis was carried out using SPSS. Rates per 1000 hours were calculated taking player exposure/ risk hours into account.
2 was used to assess the diVerence between observed and expected injuries. This figure is based on total games played-that is, game exposure time not training hours, as the ratio of training hours to games is consistent throughout the four seasons.
Results
During the study, a total of 115 games were played (table 1) , and 920 injuries were recorded (232 during training and 688 during games). Per season there were 220 (23.9%), 231 (25.1%), 216 (23.5%), and 253 (27.5%) injuries respectively.
To evaluate diVerences between injuries per season, expected injury rates were calculated using player exposure/risk hours. (Reporting injuries by case number alone can often mask the true eVect; however, once adjusted for exposure, true incidence figures are generated.) Both training and game injuries were examined, but exposure/risk hours were calculated by games alone because of the injury classification used in this study and because training hours were always in the same ratio to games played. Exposure/risk hours were calculated for the four seasons respectively as 605.15, 622.44, 397.67, and 363.09 hours (overall 1988.35 hours). Expected injuries were then the same proportion of the total injuries as that season's exposure hours were of the total hours. Significant diVerences were found between the seasons at the p<0.001 level ( 2 = 73.22, df = 3), as fewer injuries were recorded than expected for the 1993/1994 and 1994/1995 seasons and more injuries recorded than expected for the 1995/1996 and 1996 seasons (table 2) .
When the total of 920 injuries is related to the exposure/risk hours (1988.35), it equates to 462.7 injuries per 1000 player hours. Considering game injuries alone, there were 346 injuries per 1000 player hours. Table 3 gives the rates per 1000 hours for each season. Using Spark's calculation 6 of 17.33 player hours (13 × 1.33) per game, the number of injuries per hour of play across all four seasons was calculated along with the number of injuries per appearance, per game, and per game minute. Table 3 shows the results of these calculations, with a decreasing trend of player hours, player appearances, and game minutes between injuries being observed and an increasing trend of injuries per game across the seasons, especially increasing in the 1996 summer season. Table 4 shows the increasing incidence of injury across the seasons. It highlights the increase in transient injuries and the reduction in injuries at the severe level, especially of the 1996 summer season.
To strengthen the statistics on reduced severity, surgical intervention was also observed. Of 920 cases, 19 (2.1%) required surgical intervention (all related to game injuries). More injuries incurred during the two winter seasons required operation than those incurred during the two following seasons (3.1% (8.96 per 1000 hours) and 1.1% (4.81 per 1000 hours) respectively).
Only
Considering game injuries alone, 77 (38.73 per 1000 hours) led to games being missed over the four seasons. Per season it equates to 17 (28.09 per 1000 hours), 27 (43.38 per 1000 hours), 17 (42.75 per 1000 hours), and 16 (44.07 per 1000 hours) respectively (table 5 ). This shows a higher incidence per 1000 hours in the 1996 summer season of game days lost despite fewer severe injuries. The diVerent profile of injury frequencies and adjusted rates highlights the importance of considering the latter.
There was also a significant increase in training days lost in the 1996 summer season (180 per 1000 hours) in comparison with the average for the first two winter seasons and the condensed season recorded (130 and 120 per 1000 hours respectively).
As data were available on every month, injury incidence could be examined to see whether there was a pattern over the year. Unadjusted rates suggested that there were more injuries in April (135) and August (120). However, when injury cases are adjusted for number of games played, July shows the highest rate (694.04 per 1000 hours) and October the lowest (302.04 per 1000). Figure 1 suggests that the rates are highest for the "new" summer months compared with the "old" winter months.
Comparing the beginning of season with the end (by dividing each season in half), more injuries consistently occurred towards the end of the season than at the beginning. When frequencies are adjusted to rates per 1000 hours the individual seasons show no consistent pattern (fig 2) .
There were significantly more game injuries than training injuries ( 2 = 4500.7, df = 1, p<0.0001) over all four seasons, with the percentage of training injuries rising over the Figure 1 Overall monthly injury incidence rates. 
Discussion
The results show an increasing incidence of injury per 1000 hours over the four seasons, with the new summer league having an incidence almost twice that of the first season. This is in spite of the fact that 71 games were played in the first two seasons (exposure of 1227.59 hours) giving an incidence of 367.36 per 1000 hours and only 44 games were played in the last two seasons (exposure of 760.76 hours) giving an incidence of 619.98 per 1000 hours.
Severe injuries showed a decreasing trend from the last winter season with only one case reported in each of the last two seasons. Minor injuries also decreased in the summer season, but moderate injuries increased slightly over the seasons, with transient injuries rising in the summer season. The same applies if only game injuries are considered. This study shows that the incidence of injury increased in summer rugby but that the severity of these injuries was reduced. Of all injuries in this study, 94.8% resulted in the player taking less than one week away from training, the greatest proportion of these being from the 1996 summer season (25.8%). However, there were more game days lost and significantly more training days lost in the 1996 summer season than the previous seasons. This shows that, even if these injuries were less severe and required less surgical intervention, they still required medical attention and led to significant time missed.
The two winter seasons were played over eight months with an average of one game per week. These seasons have similar results, with only 11 injuries more in 1994/1995 than in 1993/1994, which might be explained by the fact that one more game was played in 1994/1995. As table 3 shows, eight injuries could be expected on average per game.
The higher incidence of injury in the condensed 1995/1996 season may be explained by the short length of that season (less than 5.5 months including a three week break for the World Cup and five weeks of playing two games per week). It could be suggested that insuYcient time existed between game days to allow for adequate recovery.
The summer season showed the highest injury incidence per 1000 hours ever reported in rugby league. This remains true even when all transient injuries are excluded (57.84 per 1000 hours). Other studies, in which the definition of injury was that a session/game had to be missed as a result, 1 7 8 may have lost valuable data, particularly on transient/minor injuries. The length of the summer season was comparable with that of the condensed season (5.5 months) and actually fewer games were played, yet an injury incidence per 1000 hours that was 25% higher than that of the condensed season was observed. An explanation for this finding may be that limited time existed between the end of the condensed and the start of the summer season (nine weeks), giving insuYcient time for injured players to recuperate and non-injured players to rest. This is reflected by the fact that the highest incidence of recurrent injuries was in this season (223.09 per 1000 hours). However, it could be argued that only 44 games were played in a total of 11 months, which is only eight games more and three months longer than one of the previous winter seasons. The change in time of year of the rugby league playing season introduces a warmer climate and harder unforgiving ground, which may contribute to the highly significant increase in injury incidence. The highest previously reported incidence of injury in rugby league (44.9 per 1000 hours, excluding transient injuries) 1 was reported for a professional South Sydney team, who also played in warm weather on hard ground.
It has been suggested that the higher the standard of play the higher the probable incidence of injury. 5 It would thus be expected that the the highest incidence of injury would be in the two winter seasons, because the team under study was then playing in the old first division with all the top clubs. However, a higher incidence of injury was observed when the team was playing in the new first division against teams of a slightly lower standard. An explanation may be that the opening statement is not justified; professional players may be at less risk of injury from tackles because of increased expertise. Another explanation could lie in the style, time, and environment of the last two seasons, condensed and summer, which led to the increased incidence of injury along with the decreased skill of the new division teams. However, six teams were "relegated" to allow the formation of the Super League and some players stayed with each of the "relegated teams", and therefore standards of play were not significantly reduced. Comparing these data with a previous study, 5 which looked at an "old" second division side and found a lower incidence rate which included game and training injuries, would suggest that it is not relegation that led to the increased incidence found in this study.
This study agrees with others 9 10 that showed peak injury frequency towards the end of the season; however, when adjusted for rates, no consistent pattern was found. In each season, more games were played in the later months. Considering monthly incidence rates, July showed the highest individual monthly rate recorded and only appeared once in the "new" summer season. August had the third highest rate and appeared in every season. The "new" summer months showed a high rate of incidence in comparison with previous autumn and winter months (fig 1) . The harder ground and warmer weather may explain these findings.
The incidence rate found in this study of 462.7 per 1000 player hours is considerably higher than previously reported using both training and game injuries. 7 8 This study included all injuries even if they did not lead to game/training days being missed, which may account for the higher incidence, as, in all four years, transient injuries made up 82-92% of the total injuries per season. The above mentioned studies 7 8 only included transient injuries that led to game/training being missed. Taking game injuries alone, this study still has a higher incidence (346.02 per 1000 hours) than a study using similar methodology (277.78 per 1000 hours). 4 When considering injuries resulting in games being missed, this study has a high incidence (52.3 per 1000 hours) compared with other reports (44.9 per 1000 hours 1 and 34 per 1000 hours 8 ). The higher incidence than the former 1 may be explained by the fact that no training or transient injuries were included, which, if extrapolated to this study, gives an incidence of 38.73 per 1000 hours. This is lower than the former but higher than the latter calculation based on the same criteria. Looking at the 1996 summer season excluding training and transient injuries, it equates to 44.07 per 1000 hours, which is very comparable with the former Australian study. 1 Throughout all four seasons, significantly more injuries occurred during matches, but in the last two seasons the percentage of training injuries was rising. This may reflect that one of the seasons was condensed and ran almost immediately into the next, thus increasing the risk of a training injury. These findings are consistent with other studies, but the training injuries recorded in each season are higher than previously reported. An explanation could be that, for this study, the physiotherapist was present at every training session and was thus able to document every injury incident.
In conclusion, an increased incidence of injury was observed in summer rugby, but most of these injuries were below the severe level and fewer required surgery. Significantly more cases of injury led to training days being lost. These findings may have been confounded by the short break between the condensed and summer seasons. The eVect of this increased incidence and the training time lost on a player and his career is yet to be determined. Further injury data should be collected to determine the true eVect of summer rugby.
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